Introduction
Materials and methods

Patients
Brains were obtained with informed consent via the rapid autopsy program from the Netherlands Brain Bank. Permission for the use of tissues and medical information for research purposes and ethical approval for culturing human postmortem human brain tissue was obtained from the Ethical Committee of the Medical Faculty of the Free University (VUMC, Amsterdam, The Netherlands, 971019) where the autopsies were performed. The data presented in this report are based on neocortical tissue from the precentral gyrus (PG) of Alzheimer patients (n = 5) and control individuals without neurological disease (n = 4). The autopsy details of the patients are shown in
.
Culture conditions of postmortem slices, rat E14 neurospheres and rat E14 fibroblasts
As previously reported [10, 18] , from each patient pieces of PG were chopped into 200 µm slices, which were allocated in a systematic way to 24-well plates to facilitate later sampling for co-culture experiments. The slices were cultured free-floating in uncoated 24-well plates containing basal medium [19] at 35ЊC with 5% CO2. Tissue cultures were refreshed three times per week with 100 l R16.
We obtained permission from the local Committee on Animal Care and Use for the experiments described in this report. All procedures involving animals were performed in compliance with the guidelines of this committee and were conducted as described by other investigators [20, 21] (Fig. 1I ). [10] . Briefly 
with minor modifications. Timed pregnant Wistar rats were killed by CO2 inhalation and decapitation (E14, plug day = 0). The foetuses were removed from the uterus, placed in ice-cold phosphate buffered saline (PBS) and kept on ice during subsequent manipulations. After careful removal of blood vessels, the forebrains were incubated in PBS containing 0.25% trypsin for 15 min. at 37ЊC. During the digestion, the tissue pieces were 2-3 times gently disrupted by pipetting through a flamed-polished pasteur pipette. After a brief centrifugation step, the cells were re-suspended in Dulbecco's modification of Eagle's medium (DMEM)/F12 medium (Life Technologies
,
Co-culture conditions
Viability assessment
Viability of cells in the postmortem human brain slices was assessed using the Live/Dead kit (L3224, Molecular Probes, Leiden, The Netherlands) according to the protocol provided by the manufacturer. The procedures for obtaining images and counting cells have been described previously
Results
Clinico-pathological data and morphological features of the human postmortem slices
The clinical data from all patients are summarized in Table 1 Fig. 2A and C) . In accordance with the ␤-amyloid staining, none or very few AT8-positive dystrophic neurites and tangles were observed in the slices from the control brains (Fig 2B, D) [10] . Table 4 Fig. 3A and B ; Table 3 ). It may be noted that the vast majority of the viable cells in both untreated and co-cultured slices had a pyramidal shape indicating that they were neurons (Fig. 3) Figure 4A and B for the (Fig. 4A) . The vertical bars in Figure 4A and [10, 25] . Some of these neurons also survive in the presence of massive AD pathology, even if they contain deposits of hyperphosphorylated tau themselves [10, 20] impression of cellular viability [10] . Lucassen et al. [28] [9, 10, 12, 29, 30] [31] . The nature of these factors is at present unknown, but they may well be neurotrophin-like [32, 33] . Neurotrophic factors have been applied in clinical trials, either by direct infusion [34] or via the transplantation of genetically engineered autologous fibroblasts [35] [36] , and suppression of apoptosis [33] , to support of mitochondrial function, dendritic growth and synaptogenesis [37] .
To eliminate pseudo-replication we used the average cell counts from the experiments at different time-points of each patient for further analysis. Visual inspection of untreated slices stained with the live/dead kit did not show any obvious differences between tissue from control participants and AD patients. However, cell
Fig. 2 Examples of local amyloid pathology (A, C, E, G) and intracellular deposits of hyperphosphorylated tau (B, D, F, H) in adjacent 200 m thick slices fixed at DIV 0. (A, B) Control patient C3 that had no plaques or hyperphosphorylated tau deposits. Only in one control patient (C1) small, mainly diffuse, plaques were observed (C), while isolated tangles and lightly stained neurites were visible (D). The other control patients did not show noticeable pathological alterations as illustrated by patient C3 (A, B). Alzheimer patients (A1) and (A2) showed strong (E) and massive (G) amyloid load, respectively, with both diffuse and neuritic plaques in the three upper cortical layers. (F, H) Clusters of dystrophic neurites in layer III are indicative of the presence of neuritic plaques (arrows) and numerous tangles can be discerned. Further the density of dystrophic neurites and number of tangles are also illustrative for the difference in AT8 scores (F, H). Scale bars: 200 m (A, C, E, G); 50 m (B, D, F, H).
counts revealed that the number of viable cells in untreated slices of AD patients was reduced by 55% as compared with untreated slices from control participants (Table 3). As is shown in
Neuronal viability in human postmortem slices was improved by co-culturing with rat E14 neural stem cells
Co-culture of postmortem human brain slices with rat E14 neurospheres resulted in an amazingly strong improvement of neuronal viability (
Future therapeutic implementation would require that human stem cells or human neural precursor cells have under similar conditions the same effect. Several transplantation studies using human embryonic stem cell lines in animal models for human neurological diseases suggest that they too are capable of secreting factors that can rescue degenerating cells (e.g. [13, 14, 33, 36] 
